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Abstract  
Addressing consumer food safety risks through transdisciplinary research efforts highlight the 
importance of leveraging the affordances of smartphone technology. However, existing smartphone 
apps are limited by having safe food management (SFM) information in silos, gaps in context-based user 
experience research and insufficient evidence that portrays comprehensive evaluation. This paper 
reports on a research, which aimed to investigate how the affordances of smartphone technology can be 
leveraged to enhance the provision of information and facilitate knowledge retention to improve SFM 
behaviours. The findings produce key recommendations for improving information campaigns that aim 
to enhance SFM behaviour. It reveals that emerging software design approaches should be leveraged 
while incorporating context-based design principles in apps for SFM information campaigns. It further 
reveals that consumers should be prompted with multiple cues to revisit SFM apps for knowledge 
reinforcement. Finally, it highlights the importance of a consumer-centric approach to the development 
of SFM information campaigns.  
Keywords Safe Food Management, Smartphone Applications (apps), Usability, Information 
Modalities, Knowledge Retention. 
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1 INTRODUCTION 
Mitigating food safety risks is a major source of concern for various relevant stakeholders. Diverse 
process monitoring mechanisms have been implemented to address many of the risks (Varzakas and 
Arvanitoyannis 2008). However, most of these food safety mechanisms are limited to the ‘paddock-to-
purchase’ (pre-purchase) phase of the product life. Thus, mitigating food safety risks after consumer 
purchase till the point of consumption (purchase-to-plate), is largely consumer responsibility 
(Bamgboje-Ayodele et al. 2016). Due to the alarming level of food poisoning outbreaks caused by unsafe 
domestic food handling practices, diverse education and awareness programs (Byrd-Bredbenner et al. 
2013) have been implemented. Yet, many consumers remain inadequately informed and continue to 
engage in unsafe food handling practices (Bamgboje-Ayodele et al. 2016). 
To support consumers in safe food management (SFM), transdisciplinary research efforts highlight the 
importance of leveraging the affordances of smartphone technology (Bamgboje-Ayodele et al. 2018) due 
to its widespread diffusion and its highly personalized nature, thus providing users with an array of 
capabilities and experiences that are tailored to their interests (Tossell et al. 2012). One way to 
demonstrate such level of personalization is the ability to allow users to download diverse mobile 
applications or ‘apps’ onto their smartphones (Jung 2014) which affords consumers the opportunity to 
inform themselves about specific areas of interests such as safe food management. However, evidence 
suggests that existing food safety apps, have three key limitations, which may be somewhat relevant to 
other app contexts. These limitations include providing SFM information in silos; not sufficiently 
incorporating context-based user experience research in their design and development; and mostly 
lacking comprehensive usability evaluation. 
SFM information in silos: there is evidence that existing apps provide siloed information about the 
various aspects (safe shopping of perishable food items, safe transportation of perishable food items, 
safe storage of perishable food items, safe preparation of food items and appropriate kitchen hygiene 
practices) of domestic SFM for Australian consumers (Henley et al. 2012) thus resulting in a lack of 
continuity from one stage to the other. In addition, existing apps that are focused on food cooking tend 
not to emphasise the safety of the process; rather, the focus is usually on the recipe.   
Gaps in context-based user experience research: there is insufficient evidence that existing apps 
have drawn upon the principle of modality effect (Mayer 2014), although some Information Systems 
studies argue for the impact of textual (Blanco et al. 2010), visual (Ha and Lennon 2010), verbal (Kim 
and Lennon 2008) or multiple modalities on consumer responses to such information. However, these 
information modality studies mostly focused on influencing consumer behaviour before product 
purchase which may not be applicable to the post-purchase context portrayed in this study. The principle 
of modality effect (Brunken et al. 2003), drawn from the cognitive theory of multimedia learning, argues 
that materials presented in a format that simultaneously uses the auditory and the visual sensory 
modality is better than by a format that uses only the visual modality when aiming to optimise consumer 
knowledge (Mayer and Chandler, 2001). Thus, providing a basis for the argument that there is tendency 
for a smartphone app which incorporates multiple information modalities to better deliver information 
to its user. However, the available evidence suggests the use of this principle only within pedagogical 
frameworks (Harskamp et al. 2007) which may not necessarily be applicable to domestic food handlers 
who tend to be adult consumers. Therefore, it is unclear if the principle of modality effect is applicable 
to adult consumers and whether it will improve user experience with SFM apps.  
Lack of comprehensive evaluation: there is insufficient evidence to suggest that existing apps in 
SFM have been comprehensively evaluated (Oliveira et al. 2013) or that they were developed based on 
frameworks (including usability and health literacy) guiding m-health apps. The few evaluations 
conducted have been restricted usability assessments such that questions about the importance of 
contexts of use and the attributes and behaviours of end-users have been marginalised. This lack of 
evidence raises questions about whether best practice guidelines were adhered to, thus raising a key 
question: how can technology support SFM information delivery to consumers in a manner that 
facilitates consumer knowledge acquisition, knowledge retention and perceived behavioural change?  
In this study, knowledge acquisition is described as knowledge inflow (Mom et al. 2007) where the 
recipient – the consumer – acquires SFM knowledge from the donor – government authorities, best 
practice guidelines, research studies. Knowledge retention is defined as the ‘maintenance of knowledge’ 
that exists in the minds of people and the ‘maintenance of knowing’ that is referred to as experiential 
action manifesting in behaviour (Caroline Martins and Meyer 2012). Knowledge application, involves 
selecting alternatives or prioritization before taking actions or decisions based on acquired knowledge 
(Verkasolo and Lappalainen 1998). Knowledge optimisation involves, ensuring that knowledge 
acquisition occurs, the knowledge has been retained and can be applied (Bamgboje-Ayodele et al. 2018). 
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This paper reports on the over-arching research, which aimed to investigate how smartphone technology 
affordances can be leveraged to enhance the provision of information and facilitate knowledge retention 
using a three-phase approach. More specifically, we present key recommendations for improving 
information campaigns that aim to enhance SFM behaviour with smartphone technology, emerging 
from findings from the over-arching research (all three phases). Following an extensive review of the 
literature on topics of relevance to this investigation in previous publications (Bamgboje-Ayodele et al. 
2014; Bamgboje-Ayodele et al. 2015; Bamgboje-Ayodele et al. 2016; Bamgboje-Ayodele et al. 2018; 
Bamgboje-Ayodele et al. 2019a; Bamgboje-Ayodele et al. 2019b), this paper progresses by presenting a 
summary of the over-arching research, the method of research and a summary of findings across all 
three phases. It concludes by presenting recommendations for improving SFM information campaigns. 
2 METHODS 
This research adopted a pragmatic research philosophy and deployed a mixed-method design structured 
in three overlapping phases with ethical approvals with reference numbers H0014010, H0014658 and 
H0014965 gained from the Tasmanian Social Sciences Human Research Ethics Committee.  
Phase 1 (Consumer Understanding) involved a nationwide survey (n=217) to identify Australian 
consumers’ SFM knowledge gaps, and their information and communication preferences (both pre-and 
post-purchase)(Bamgboje-Ayodele et al. 2016). This survey was primarily focused on the consumption 
of red meat due to the enormous risks associated with its handling and management. This phase 
provided insight into the most problematic food handling practice for Australian consumers, to validate 
the existing literature on food poisoning (NSWFA 2014) and to scope the investigation to the most 
significant challenges. This led to the selection of three existing apps (text-based, graphics/picture-
based and audio-visual) that most clearly addressed the knowledge gap which emerged from our 
findings as the biggest concern. At the end of this phase, it was imperative to design an app that 
integrates and addresses the SFM challenges in a single app rather than the existing multiple apps each 
addressing a challenge in a siloed manner. Phase 1 data was analysed using descriptive analysis on SPSS 
version 20 to produce a summary of the data in tables and graphs (Bamgboje-Ayodele et al. 2015). 
Phase 2 (Design) involved the heuristic evaluation of the three multi-modal apps (text-based app, 
graphics/picture-based, and audio-visual app) based on Monkman and Kushniruk’s (2013a) Health 
Literacy Online Heuristics (HLOH) framework and a consumer evaluation through focus group sessions 
(n=8) and card sort technique, using the three apps as high-fidelity prototypes. The criteria for selecting 
the existing SFM multi-modal apps and details about the apps have been published elsewhere 
(Bamgboje-Ayodele et al. 2015). This research activity aimed to identify the impact of the three 
information modalities on consumer understanding and to generate user requirements for the SFM app. 
The outcome of this phase provided rich insights into consumer requirements for a SFM app. Lessons 
learnt led to the design of the smartphone app for educating consumers on SFM practices (Bamgboje-
Ayodele et al. 2019b). Phase 2 data was analysed using thematic analysis in line with the guideline 
provided by Braun and Clarke (2006) and the results are published in Bamgboje-Ayodele et al. (2019b). 
Phase 3 (Implementation and Evaluation) - After the SFM app was developed (App link), it was 
evaluated through a field experiment (n=8), within a 4-week period. During this time, data was collected 
using open and closed questionnaires and was manually analysed. Six-weeks after the experiment, the 
participants were questioned to investigate their perceived knowledge retention and behavioural 
changes. This aimed to evaluate the impact of the design on SFM knowledge retention over time 
(Bamgboje-Ayodele et al. 2018). Phase 3 data was analysed both manually and descriptively as the small 
sample size prevented us from making further statistical analysis and conclusions (Bamgboje-Ayodele 
et al. 2018). This paper reports on the overall findings of the study and the recommendations for SFM 
information campaigns emerging from the over-arching findings. 
3 RESULTS 
3.1 Phase 1 – Consumer Understanding 
The findings provided insights into the respondents biggest SFM knowledge gaps (see Bamgboje-
Ayodele et al. (2015) for details). The largest knowledge gap areas are safe cooking (97%), kitchen 
hygiene practices (64%) and safe storage (26%) respectively. This reveals that consumers must learn 
basic SFM practices as smart devices (such as smart fridges, smart microwaves) handle different points 
in the purchase-to-plate process in silos and do not guarantee that the food on the plate is completely 
safe to eat. Consequently, the pervasiveness of ICT in the kitchen does not preclude unsafe food handling 
practices, which means domestic SFM knowledge is a necessity for consumers. One way to optimise 
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consumer knowledge is by leveraging the pervasiveness of smartphones for knowledge acquisition. 
Thus, the SFM smartphone app was designed to provide comprehensive information on all relevant SFM 
domains while prioritising each identified knowledge gap based on the findings, that is, safe cooking has 
a higher priority than kitchen hygiene practices, safe storage, reheating and transportation respectively. 
Therefore, the menu buttons were arranged in the order of priority. 
3.2 Phase 2 - Design 
To learn from existing SFM apps, three multimodal apps were evaluated based on heuristics evaluation 
(findings here (Bamgboje-Ayodele et al. 2015)) and consumer evaluation (findings here (Bamgboje-
Ayodele et al. 2019b)). A summary of the consumer evaluation through focus groups revealed four 
themes: ACCESS, CONTENT, DESIGN and SEARCH.  
ACCESS provides an overview of the factors that determine how easy consumers will be able to use and 
benefit from the app. This theme described the axial codes Accessibility, No Cost to Users and Platform 
Compatibility. It reveals the importance of the app size, download speed, level of compatibility with 
various phones and cost implication to users.  
CONTENT emphasises the importance of how information is communicated and delivered to the users. 
This theme described the axial codes Ethical Perception, Information content/Functionality, 
Information Tone and Value Add. It reveals the importance of critically assessing the content and its 
completeness, the appropriateness and tone of the modality used whilst ensuring availability of 
additional beneficial information.  
DESIGN describes the strategies and features that can influence the appearance of an app. This theme 
described the axial codes Context of Picture Use, Context of Sound Use, Design and Aesthetics and 
Familiarity. The theme reveals that attention must be paid to the app’s choice of colours, layout, 
intuitiveness, pictures and its context, and the overall ‘look and feel’. However, it was revealed that 
sound prompts may be regarded as a distraction in the kitchen.  
SEARCH describes the factors affecting user experience when exploring and retrieving information. This 
theme described the axial codes Layout of Information and Locating Information. It reveals the 
importance of information structure as it impacts on users ease of navigation.  
Having integrated the findings of the heuristic evaluation with the findings of the consumer evaluation 
lessons were learnt from the three existing apps and were incorporated into the design and development 
of the SFM app. Please see our previous papers for details, including screenshots of how user experience 
decisions for the SFM app were made based on these evaluations (Bamgboje-Ayodele et al. 2015; 
Bamgboje-Ayodele et al. 2019b). 
3.3 Phase 3 – Implementation and Evaluation 
After app design and development on both the iOS and Android platforms, a field experiment was 
conducted to evaluate participants’ level of knowledge acquisition, knowledge retention and knowledge 
application. The participants in the experimental group were given access to the app only while the 
control group had access to the paper-based tool only. The learning tool was in the possession of each of 
the participants for four weeks. However, the learning materials were used differently by the two groups 
between one week and the other, as shown below; 
 
Figure 1: Phase 3 – Learning tool usage 
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As revealed by the results, the time range spent on the app by the experimental group declined between 
the initial and final week of the experiment while the time range spent on the paper-based tool increased 
within the same period. In addition, the findings reveal that the control group (paper-based tool users) 
could acquire the information more quickly than the experimental group (app users), but the 
experimental group could retain the acquired knowledge longer than the control group (Bamgboje-
Ayodele et al. 2018). A summary of the findings is shown in Figure 2.  
 
Figure 2: Phase 3 Results 
Six-weeks post-experiment, participants were asked open ended questions and the findings reveal that 
all the participants in the experimental group adhered to the changes they intended to make to their 
day-to-day kitchen activities. However, for participants in the control group, only half of them could 
fulfil their initial intention of changing some day-to-day food handling practices. 
4 DISCUSSION 
The findings of the over-arching study result in the five key points below, which together answer the 
over-arching research question as stated in section 1: How can technology support SFM information 
delivery to consumers in a manner that facilitates consumer knowledge acquisition, knowledge retention 
and perceived behavioural change?  
Key Point 1 - Multiple modalities are effective in delivering SFM information to influence knowledge 
retention when the information delivery tool is designed based on principles derived from an enhanced 
version of Monkman and Kushniruk’s (2013b) HLOH framework. 
Modality is applicable within the context of optimising consumers’ knowledge on SFM based on how the 
information delivery tool is designed. According to Mayer and Chandler (2001), the principle of modality 
states that “knowledge acquisition is better facilitated by materials presented in a format that 
simultaneously uses the auditory and the visual sensory modality than by a format that uses only the 
visual modality” . Drawn from the cognitive theory of multimedia learning, the modality effect refers to 
a cognitive load learning effect that occurs when partly visual and partly auditory information modes 
are presented which is more effective than when either of the modes is presented (Mayer 2014). This 
principle was explored in the context of this study by applying textual, visual and auditory information 
modalities in the app presented to the participants based on design principles derived from an enhanced 
version of Monkman and Kushniruk’s (2013b) HLOH framework (Bamgboje-Ayodele et al. 2019b) 
listed as follows: ensuring the use of ‘context appropriate images’; ensuring the use of ‘pictures with a 
unilateral purpose’; and ‘avoidance of the use of sound prompts’. These design principles emanated from 
the findings of Phase 2 of the study (Bamgboje-Ayodele et al. 2019b). The preliminary effectiveness of 
multiple modalities when presented in line with these principles, was demonstrated by the results of this 
study as the app facilitated longer knowledge retention when delivering SFM information to consumers. 
Key Point 2 - The SFM app requires more time to be spent to achieve knowledge acquisition which 
resulted in retaining the knowledge for a longer time than the traditional information delivery 
techniques. 
We draw on the cognitive load theory as the tasks and learning activities in this study required 
simultaneous integration of multiple and various sets of knowledge, skills and behaviours at a specific 
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time and place (Young et al. 2014). The app users demonstrated a higher level of knowledge retention 
over time when compared to the document users and this can be explained by the split-attention effect. 
This effect involves the physical integration, rather than physical separation, of verbal and pictorial 
information sources which enhances learning (Cierniak et al. 2009). As we integrated the different 
sources of information together into the app, we argue that this impacted the level of knowledge 
retention emanated by the participants.  
In line with Herrlinger et al. (2016) and Leahy and Sweller (2011), who have argued that pictures and 
spoken text enhanced learning better than written text, we also found that the app users acquired the 
knowledge slowly but retained it longer in contrast to the document users. Similar to this finding is the 
study conducted by Wang et al. (2016) which revealed that when more attention was paid to the video 
and less attention paid to the text there was better retention of the learning outcomes. However, the 
findings in this study differ from those of Chandler and Sweller (1992) who found that students viewing 
integrated instruction spent less time processing the materials as the app users in this study spent more 
time acquiring the knowledge as a result of the extraneous cognitive load which occurred due to the 
additional learning that was required for the initial use of an app. Nonetheless, Chandler and Sweller 
(1992) also agreed that students viewing integrated instruction outperformed those with split attention 
condition. On the other hand, the findings are in line with the study conducted by Schmidt‐Weigand et 
al. (2010) who revealed that participants showed a better learning performance the more time they spent 
looking at visualizations when text was spoken and integrated. 
Therefore, in consonance with Schmidt‐ Weigand et al. (2010), it can be argued that the time devoted 
to process visualizations with spoken and integrated text such as videos may be an indicator of the 
quality of processing this information. The time a learner spends in using an app containing 
visualizations with spoken and integrated text, may be advantageous in facilitating knowledge retention 
for a longer time than traditional information delivery techniques. 
Key Point 3 - The use of a modified user centred design approach, using a heuristic framework with 
consumer evaluation outputs as a basis for app development, can support the development of an SFM 
app. 
Of the existing eHealth software design methodologies for app development, user-centred design (UCD) 
methods are commonly used in consumer-oriented products (Cafazzo et al. 2012). However, this 
research modified the conventional UCD approach by combining the outcome of a heuristic evaluation 
based on a health literacy online heuristics (HLOH) framework (Monkman and Kushniruk 2013a) and 
a consumer-based evaluation as a basis for the app development. Prior to the development of the SFM 
app, three existing apps (text-based, graphics/picture-based and integrated) that most clearly addressed 
safe food cooking, were selected for learning purposes, to facilitate design contributions across the apps 
from non-technical food consumers, and to provide a more valid evaluation using the three apps as fully 
functional prototypes. As it has been argued that user involvement leads to developing more usable 
designs (Abras et al. 2004), we also argue that this method conforms with the basic principle of UCD 
through consumer involvement which led to the concept design (Bamgboje-Ayodele et al. 2015; 
Bamgboje-Ayodele et al. 2018; Bamgboje-Ayodele et al. 2019b). Therefore, in consonance with the 
approach utilised by Fleury et al. (2010), this non-conventional approach to UCD, also referred to as an 
inverted UCD approach, can successfully produce a useful knowledge acquisition tool for SFM 
information campaigns. 
Key Point 4 - Smartphone apps induce some level of cognitive load in adoption however; the 
affordance of its reuse for quick but infrequent re-visitations facilitates knowledge retention.  
This research reveals that the initial use of the smartphone app induces a higher level of extraneous 
cognitive load; reducing the rate at which knowledge is acquired during the first use. According to 
Brunken et al. (2003), extraneous cognitive load occurs due to how information is presented and the 
requirements of the activities on the working memory. Drawing on Moreno and Mayer (2005), we 
believe the principle of modality effect and the enhanced HLOH framework minimized the cognitive 
burden and resulted in a better demonstration of knowledge retention after quick app revisits. Thus, 
when participants spent less time on the app after the initial use, they demonstrated better knowledge 
retention unlike the document users. 
This finding is in line with the temporal patterns that have been identified in the usage of smartphone 
applications which suggests short bursts of interactions (Jones et al. 2015). Ferreira et al. (2014) found 
that some apps are used in short bursts of less than 15 seconds which has become habitual for users. 
Whilst this habit encourages quick revisits to applications that contain fast changing content, Jones et 
al. (2015) argued that apps that relate to personal activities such as SFM follow a slow revisitation 
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pattern. Therefore, this explains the slow revisitation pattern and the little time spent on the SFM app 
which suggests that the affordance of re-use for quick but infrequent revisitations facilitates knowledge 
retention.  
Thus, as this facilitated a better demonstration of knowledge retention on safe food management, it 
suggests that the affordance of re-use for quick but infrequent revisitations facilitates knowledge 
retention. Therefore, as it has been earlier argued that multiple information channels enhance food 
safety information dissemination (Kuttschreuter et al. 2014), it can be further argued that other 
information channels such as TV adverts, brochures, pamphlets and other media can be useful in 
drawing attention to the reuse or revisitation of such smartphone apps to reinforce and support the 
retention of consumer knowledge. This indicates that optimising consumers’ safe food management 
knowledge cannot be a one-off activity as they require cues that prompt them into revising the app to 
maintain adequate knowledge level from time to time. 
Key Point 5 - Food related behaviour is intimately linked to the individual’s attributes, habit, 
knowledge and context of use as the provision of SFM information does not necessarily result into its 
use, corresponding knowledge or expected behaviour. 
Although, it can be argued that the learner characteristics were not sufficiently built into the research 
design, this research has found that individual skills and attributes influence their response to 
knowledge optimisation. As consumers have diverse attributes such as age, gender, technology skills 
and food preparation skills, it is imperative to take these and other factors such as perceived personal 
relevance, individual differences moderating adult learning and closed-minded cognition into 
consideration.  
Perceived personal relevance: The results suggest that the SFM practices of knowledgeable and 
experienced consumers are usually based on peripheral processing as they insist that information on 
SFM is not objectively personally relevant to them (Dijkstra and Ballast 2012). However, they realise 
that food safety risks can lead to food poisoning. Such consumers make low-to-medium involvement 
decisions based on their low level of perceived personal relevance, high skills and risk awareness. In 
consonance with van Trijp (2009), who argued that low involvement decisions are characterised by 
limited information processing due to low levels of perceived personal relevance and risk awareness, 
these findings reveal the impact of low-to-medium involvement decisions on SFM. Therefore, 
consumers with food safety knowledge, tend to relate with SFM information as a low-to-medium 
involvement task. Thus, that the provision of SFM information does not necessarily result in the use of 
such information most especially in cases where consumers believe that the available SFM information 
is not objectively personally relevant to them. 
Individual differences moderating adult learning: The adult learning model differs from 
pedagogical models and is more applicable to the participants used in this research due to its focus on 
adult learners who are different from traditional students in the following ways (De Vito 2010): they are 
typically aged 24 years or older; they are not financially dependent on parents or guardians; their main 
responsibilities are outside schooling; and their principal identities have evolved beyond the role of full-
time student. 
Despite some participant demonstration of the six key principles of adult learning, they emanated 
individual differences that influenced the poor rate at which their knowledge was optimised (Bamgboje-
Ayodele et al. 2018). This conforms with the argument provided by De Vito (2010) that individual 
differences is one of the factors that affect adult learning. One of the individual differences that could 
explain the finding of this study is cognitive aging. According to the processing speed theory of cognitive 
aging, it could be argued that poor processing speed and poor rate of knowledge optimisation was as a 
result of age changes in memory (Finkel et al. 2007). This is in consonance with the studies suggesting 
that older participants could demonstrate ‘understanding’ much more than ‘remembrance’ as the effect 
of age in recollection experience is determined by frontal lobe integrity and not by declining processing 
speed (McCabe et al. 2010). However, the findings of this study do not support such argument. In this 
study, some participants emanated individual differences, not relevant to age, which influenced the rate 
at which their knowledge on safe food management was optimised. Thus, it can be argued that the use 
of information does not necessarily result in corresponding knowledge as there are other individual 
factors that can influence the value derived from a knowledge optimisation process. 
Closed Minded/Dogmatic Cognition: This research reveals that, despite all the precautions taken 
to ensure that the participants’ knowledge are optimised (Bamgboje-Ayodele et al. 2015; Bamgboje-
Ayodele et al. 2018; Bamgboje-Ayodele et al. 2019b), some participants appeared confident about the 
perception of their ability and they appeared ignorant about what they did not know which impeded 
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further learning. This behaviour is in line with the argument made by Fisher and C Keil (2015) that those 
who possess a high level of knowledge within a certain domain, have the tendency to exhibit a relatively 
high level of overconfidence. Perhaps, it is this level of overconfidence that made some participants 
closed-minded towards the learning process in this study. According to Ottati et al. (2015), closed-
minded or dogmatic cognition, is the tendency to process information in a way that reinforces the 
person’s prior opinion or expectation. Trafimow and Sniezek (1994) has argued that those who believe 
they are experts tend to over-estimate the accuracy of their beliefs. Those who exhibit this behaviour are 
characterised as follows: they perceive themselves as experts due to their prior knowledge on the topic 
of discourse; they fail to learn further as they have become closed-minded towards new knowledge; and 
regardless of how often the information and/or knowledge acquisition tool is utilised, they fail to 
emanate tangible corresponding behavioural change due to the new knowledge they are expected to have 
acquired.  
Thus, the findings in this research indicates that even when safe food management information is used 
and it leads to corresponding knowledge, it does not necessarily mean that it would lead to expected 
behaviour due to the cognitive orientation adopted by the individual. Therefore, this research aligns 
with the argument of Guerrero et al. (2009) that food related behaviour is intimately linked to the 
individual’s attributes, habit, knowledge and context of use. Thus, the provision of safe food 
management information does not necessarily result into its use, corresponding knowledge or 
expected behaviour. 
5 LIMITATIONS 
Due to the difficulty in recruiting a sample that was representative of the Australian population, 
participants were limited to consumers in Hobart, Tasmania; thus, the outcome of the research may be 
skewed. Based on this small sample size, the findings of this study cannot be generalised to the 
Australian population and it may lead to a possibility of potential alternative explanations for the 
findings which favoured the use of the app rather than the document for knowledge retention. As such, 
further large-scale studies would need to be conducted based on a sample that is representative of the 
Australian population. In addition, more sophisticated app designs which include game-based concepts 
to facilitate better app-stickiness, crowd-sourced SFM knowledge from experts to frequently update the 
SFM app content and integrated social media interactions to encourage knowledge sharing may be more 
impactful when considering a full-fledged, nationwide SFM information campaign.  
6 CONCLUSION AND RECOMMENDATIONS FOR SFM INFORMATION 
CAMPAIGNS 
This paper has reported on research, which aimed to investigate how the affordances of smartphone 
technology can enhance the provision of information and facilitate knowledge retention. The findings 
reveal the following five key recommendations for improving SFM information campaigns. 
App learning time is beneficial: The time a learner spends in using an app containing visualizations 
with spoken and integrated text during knowledge acquisition, may be advantageous in facilitating 
knowledge retention for a longer time than traditional information delivery techniques. Consequently, 
apps may be a useful tool for SFM information campaigns.  
Emerging software design approaches can be leveraged: A non-conventional approach to 
UCD using a heuristic framework combined with consumer evaluation outputs, as a basis for app 
development, can successfully produce a smartphone app for facilitating SFM knowledge retention.  
Use context-based design principles: Multiple modalities are effective in delivering SFM 
information to influence knowledge retention when used appropriately. In addition to generic mobile 
app design principles, other important SFM context-focused design principles when incorporating 
multiple modalities are (Bamgboje-Ayodele et al. 2019b): the use of context-appropriate messages; 
pictures must have a unilateral purpose; and avoidance of sound prompts.  
Use multiple cues to reinforce knowledge: Although smartphone apps induce some level of 
cognitive load in adoption; the affordance of quick but infrequent revisitations over a short time 
facilitates knowledge retention.  Therefore, SFM campaigns must use other channels such as TV adverts, 
pamphlets and other media as cues for app revisits to reinforce and support consumer knowledge 
retention. So, enhancing SFM knowledge cannot be a one-off activity.  
Utilise a consumer-centric approach: In addition to attributes such as age, gender, technology 
skills and food preparation skills, perceived personal relevance, individual differences moderating adult 
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learning and cognitive orientation influences consumer SFM knowledge optimisation. Thus, food-
related behaviour is intimately linked to consumer attributes, habit, knowledge and context of use. 
Consequently, the provision of SFM information does not necessarily result into its use, corresponding 
knowledge or expected behaviour. Therefore, it is imperative to conduct in-depth formative research to 
provide an understanding of individual attributes that could influence how SFM information is used. 
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